
ASTRO SCIENCES CENTER 

Report No. 1 . 4 T 1  No. 3 

INTERIM SUMMARY OF CONIC SECTION 

TRAJECTORY SYSTEM, INCLUDING EARTH- 

JUPITER TRAJECTORIES, 1966- 1978 

Lunar and Planetary Programs Office 
National Aeronautics and Space Administration 



Report No. 1.4 T 1 No. 3 

, I  ' I \  
I I 

INTERIM SUMMARY O F  CONIC SECTION TRAJECTORY SYSTEM 

INCLUDING EARTH-JUPITER TRAJECTORIES, 1966- 1978 

Contract No. NASr-65(06) 
IITRI Project No. W6026 

Report written by 

F. Narin 

Work performed by 

F. Narin 
P. M. P ie rce  
L. A. Schmidt 

Astro Sciences Center 

of 

IIT RESEARCH INSTITUTE 
Chic a g 0, I1 lino i s 

f o r  

Lunar and Planetary Programs Office 
National Aeronautics and Space Administration 

Washington, D. C. 

September, 1963 

I I T  R E S E A R C H  I N S T I T U T E  



TABLE O F  CONTENTS 

I. 

11. 

111. 

IV. 

GENERAL SYSTEM DESCRIPTION 

MAJOR SYSTEM SUBSECTIONS 

UNITS, ASSUMPTIONS, ACCURACY 

JUPITER CALCULATIONS AND CURVES 

1 .  L i s t  of F i g u r e s  

2. Description of Figures  

3. F igures  

I I T  R E S E A R C H  I N S T I T U T E  

P a g e  No. 

1 

3 

4 

5 

5 

7 

12 

iii ASC /IITRI 



ABSTRACT 

INTERIM SUMMARY OF CONIC SECTION TRAJECTORY 

CALCULATING SYSTEM 

A computerized system has been devised for  performing impulsive 

trajectory calculations on an IBM 7090 computer f rom any object in the 

Astro Sciences Center catalogue of so la r  system targets to any other object. 

All objects are assumed to be in conic section orbits;  thrusting is impulsive; 

one gravitating body is considered at a time. 

routines for flexibility. 

requirements and other characteristics of various missions. 

now working: a limited number of additions and improvements a r e  planned. 

The ephemeris tape now contains orbital data for the Sun and planets, 87 

periodic comets and 1563 numbered asteroids. 

of techniques and data f r o m  J P L  in programming this system. 

curves related to flights f rom Earth to Jupiter in 1966 through 1978 illustrate 

the capabilities of the system. 

The system is divided into sub- 

It is being used for determining velocity increment 

The system is 

Extensive use has been made 

Thirty two 
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INTERIM SUMMARY O F  CONIC SECTION TRAJECTORY SYSTEM, 

INCLUDING EARTH-JUPITER TRAJECTORIES, 1966- 1978 

I. GENERAL SYSTEM DESCRIPTION 

This system is designed to provide, in a fully automatic manner, 

impulsive trajectory calculations from any object in our catalogue of solar 

system targets to any other object; the system also provides the capability 

of using i ts  parts for other calculations. The standard conic section t ra j -  

ectory equations a r e  evaluated on the IBM 7090 computer in FORTRAN I1 

language; simplicity, flexibility and ease of use were the guiding factors in 

devising the system. A l l  bodies a r e  assumed to be in elliptical, hyperbolic 

or  parabolic orbits . 
The main trajectory calculation proceeds as follows: 

Given time of launch f rom one body and time of arr ival  at a second, 

the computer calculates VSE , the heliocentric spacecraft orbital velocity 

d n u s  the earth's heliocentric orbital velocity a t  launch time (i. e. the asymp- 
8 

totic escape velocity of the spacecraft f rom a geocentric orbit), and VsT the 

spacecraft to  target velocity difference at  arr ival  time. 

In addition the code calculates: 

BSE =vs . VE the angle between the velocity of the spacecraft 
at launch and the velocity of the ear th  at time 
of launch. 

the angle between the velocity of the space- 
craft  at a r r iva l  a t  the target and the velocity 
of the target at time of arrival. 

esT = Vs. VT 

the angle between the velocity of the space- 
craft  at launch and the plane of the earth 's  
orbit. 

*SPE 

* Xarth is used as  the standard launch base in this report. However the code 
is general and wi l l  handle flights f r o m  any object to any other object on the tape. 
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the angle between the velocity of the space- 
craft at a r r iva l  at the target and the plane of 
the target 's  orbit. 

*SPT 

A R ~ ~  

A%-SN, MIN 

the (communications) distance between the 
ear th  and target, a t  arr ival  of the spacecraft 
a t  the target. 

the minimum spacecraft to sun distance 
during the flight. 

the earth-sun-target angle, at time of space- 
craft  arr ival  a t  the target. B ~ - ~ ~ - ~  

*LCHLIM the range of azimuth's at Cape Canaveral 
f rom which a direct launch into the plane of 
the transfer orbit cannot be made. 

An optional output is the positions of earth, target, spacecraft and 

any other three objects throughout the flight. A l l  standard output may be 

plotted, as an option, on the IBM 1401 printer. 

An additional code has been prepared to order the comet and 

asteroid data on the ephemeris tape: ordering is by semi-major axis, eccen- 

tricity, inclination, period, perihelion distance or time o r  perihelion. 

A separate code has been written for calculating the velocity in- 

crement  necessary to put an incoming spacecraft, approaching a planet 

hyperbolically, into an elliptic orbit around the planet. 

Calculation time, without IBM 1401 plotting or other options, is 

about 4 trajectories per second of IBM 7090 time for the main code. 

I 
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11. MAJOR SYSTEM SUBSECTIONS 

I 
I 

BUMP: 

FDPLNE: 

LMCON: 

KEPLER: 

TIME: 

DATE: 

LOCATE: 

ORDER: 

PLDE L V  : 

EPHEMERIS 
TAPE: 

BUMP is the main supervisory program which controls 
input, output and the flow of computations, and performs 
some of the simpler calculations and scaling for output. 

FDPLNE is a subroutine which finds the plane in which 
two radius vectors lie. 

LMCON is a subroutine which finds the parameters of the 
spacecraft orbit, given the plane f rom FDPLNE, the 
earth and target positions and the time of flight LMCON 
is based largely on a J P L  memo by V. C. Clark, Jr. 

KEPLER is a subroutine which solves Kepler's t ransce-  
dental equation for elliptical o r  hyperbolic trajectories. 

TIME is a subroutine which finds the time in seconds after 
1950. 0 U. To f rom a given date. 

DATE is a subroutine which finds the date f rom a given 
time in seconds after 1950. 0 U. T. 

LOCATE is a subroutine which takes the orbital para- 
meters  for a body in an orbit, and the time, and finds the 
position, angles, velocities etc, of the body. 

ORDER is a program which l is ts  the asteroids and comets 
on the ephemeris tape in order  of increasing semi-major  
axis, eccentricity, inclination, period, perihelion distance 
o r  time of perihelion. 

PLDELV is a program which calculates the velocity incre- 
ment required to transfer a spacecraft, approaching a 
planet in a hyperbolic orbit with respect to the planet, into 
an elliptical orbit around the planet. 

The ephemeris tape is a BCD FORTRAN I1 tape with 2 
records for each object on the tape. 
concurrently has positional data for the Sun and planets, 
87 periodic comets and 1563 asteroids. These data a r e  
a s e t  of 7 orbital parameters describing the orbits of the 
bodies ; all orbits on the tape are elliptical although there 
i s  no reason why hyperbolic o r  parabolic orbits could not 
be added. 
parameters a r e  heliocentric, ecliptic, equinox of 1950. 0 
and constant; f o r  the planets the parameters a r e  helio- 
centric, ecliptic, equinox of date and varying with time. 

The ephemeris tape 

For  the comets and asteroids the orbital 
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III. UNITS, ASSUMPTIONS, ACCURACY 

The basic sys tem of units is kilograms - kilometers - seconds 

of time - radians. All calculations a r e  done in heliocentric, ecliptic, 

equinox of 1950. 0 coordinates; for Cape Canaveral launch restrictions 

and transformations of planetary ephemerides data the equinox is 

assumed to rotate at 50.2714 seconds of a r c  per  year. 

of time corresponds to  1950. 0 U. T. 

Zero seconds 

The basic assumptions a r e  

(1) one gravitating body at a time 

(2)  unperturbed conic section t ra jector ies  for  all bodies 
(3) impulsive thrusting. 

The accuracy of the system has not been determined in detail; 

comparison of Jupiter position calculations with the table "Planetary 

Coordinates for  the Years  1960-1980", H. M. Nautical Almanac Office 

revealed the following: 

For  R, the Jupiter-Sun distance, E r r o r  Range = - + .004AU = - t 0.1% 

F o r  A, the Jupiter longitude, E r r o r  Range = -. 48 to 0.56 
degrees  = 0. 14% of 360". 

F o r  $ , the Jupiter latitude, E r r o r  Range = - t 0.0020 degrees 

Considering the above it is probably safe to  assume a n  overall 

= t 0.08% of 2. 5 degree range. - 

accuracy of 1 per cent for the system, except when using comet or  

as teroid t ra jector ies  which may not be nearly this accurate. More ex- 

tensive accuracy checking is planned in the future, and steps a r e  being 

undertaken to reduce the above er rors .  

I I T  R E S E A R C H  I N S T I T U T E  
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IV. JUPITER CALCULATIONS AND CURVES 

1. Lis t  of Figures 

Figure 1 

Figure 2 

Figure 3 

Figure 4 

Figure 5 

Figure 6 

Figure 7 

Figure 8 

Figure 9 

Figure 10 

Figure 11 

Figure 12 

Figure 13 

Figure 14 

tlActual" - 7090 Calculated Longitudes of Jupiter and Earth 
vs. Date, 1960- 1980. 

"Actual" - 7090 Calculated Jupiter - Sun Distance vs. Date, 
1960- 1980. 

"Actual" - 7090 Calculated Latitude of Jupiter vs. Date, 
1960- 1980. 

Total Spacecraft Weight vs  VSE fo r  Three Launch Vehicles 

VSE Required for  Launch Anytime in  30 Day Launch Window, 
Earth to Jupiter,  1966 to  1977 Launch Windows, fo r  300, 400, 
500, 600, 800 Day Times of Flight. 

Minimum VSE Required for  Launch, Earth to Jupiter, 1966- 
1977 Launch Windows, fo r  300, 400, 500, 600, 800 Day 
Times of Flight. 

VSE Requiredfor  200, 300, 400, 500 Day Flights, Earth to 
Jupiter Launches Every 5 Days in 1966, 1967 o r  1968 Launch 
Windows. 

VSE Required for  200, 300, 400, 500 Day Flights Ear th  to  
Jupiter Launches Every 5 Days in  1969, 1971 o r  1972 Launch 
Windows. 

VSE Required for  200, 300, 400, 500 Day Flights Earth to  
Jupiter Launches Every 5 Days in  1973, 1974 o r  1975 Launch 
Windows. 

VSE Required f o r  200, 300, 400, 500 Day Flights Ear th  to 
Jupiter Launches Every 5 Days in  1976, o r  1977 Launch 
Windows. 

VSE Required f o r  600, 800, 1000 Day Flights, Earth to Jupiter 
Launches Every 5 Days in  1966, 1967 o r  1968 Launch Windows. 

VSE Required fo r  600, 800, 1000 Day Flights, Earth to Jupiter 
Launches Every 5 Days in  1969, 1971 o r  1972 Launch Windows. 

VSE Required f o r  600, 800, 1000 Day Flights, Earth to  Jupiter 
Launches Every 5 Days in  1973, 1974 o r  1975 Launch Windows. 

VSE Required f o r  600, 800, 1000 Day Flights, Earth to Jupiter 
Launches Every 5 Days in 1976 o r  1977 Launch Windows. 

I I T  R E S E A R C H  I N S T I T U T E  
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Figure 15 

Figure 16 

Figure 17 

Figure 18 

Figure 19 

Figure 20 

Figure 21 

Figure 22 

Figure 23 

Figure 24 

Figure 25 

Figure 26 

Figure 27 

Figure 28 

Figure 29 

VSE Required fo r  200, 300, 400, 500 Day Flights, Earth to 
Jupiter, 1966 to  1970. 

VSE Required fo r  200, 300, 400, 500 Day Flights, Earth to 
Jupiter, 1970 to 1974. 

V S ~  Required for  200, 300, 400, 500 Day Flights, Earth to 
Jupiter, 1974 to 1978. 

VSE Required for  600, 800, 1000 Day Flights, Ear th  to  
Jupiter, 1966 to  1970. 

VSE Required f o r  600, 800, 1000 Day Flights, Ear th  to 
Jupiter, 1970 to 1974, 

VSE Required for  600, 800, 1000 Day Flights, Earth to  
Jupiter, 1974 to 1978. 

Earth to  Jupiter (communications) Distance a t  Time of 
Arrival of Spacecraft at Jupiter for  Minimum VSE Flights in 
1966 to  1978 Launch Windows. 

VSJ, Spacecraft Velocity of Approach to Jupiter for 200, 300, 
400, 500, 600, 800, 1000 Day Times of Flight, Launching in 
1966 to  1969 Launch Windows. 

VSJ , Spacecraft Velocity of Approach to Jupiter fo r  200, 300, 
400, 500, 600, 800, 1000 Day Times of Flight, Launching in 
1970 to  1972 Launch Windows. 

V s  J , Spacecraft Velocity of Approach to  Jupiter for  200, 300, 
400, 500, 600, 800, 1000 Day Times of Flight, Launching in 
1973 to 1975 Launch Windows. 

VSJ, Spacecraft Velocity of Approach to Jupiter f o r  200, 300, 
400, 500, 600, 800, 1000 Day Times of Flight, Launching in 
1976 and 1977 Launch Windows. 

Near Jupiter Trajectory: Definition of Terms 

Spacecraft Perijove vs Spacecraft Asymptotic Miss Distance 
for Various VsJ. 

AV, Applied at  Perijove, Necessary to Change Spacecraft 
Orbit f r o m  Hyperbolic to Elliptical with Respect to Jupiter vs  
VSJ, fo r  Elliptical Orbit with R = 3 Jupiter Radii, Ra = 100 
Jupiter Radii, period = 44 (ear&) Days. 

AV, Applied at Perijove, Necessary to  Change Spacecraft 
Orbit f r o m  Hyperbolic to Elliptical with Respect to Jupiter vs  % for Elliptical Orbits with various Ra for  VSJ = 5 km/sec. 

I I T  R E S E A R C H  I N S T I T U T E  
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Figure 30 AV, Applied at Perijove, Necessary to Change Spacecraft 
Orbit f rom Hyperbolic t o  Elliptical with Respect to Jupiter 
vs Rp for Elliptical Orbits with Various Ra and VsJ = 10 km/sec. 

Orbit f rom Hyperbolic to Elliptical with Respect to Jupiter vs 
Rp for Elliptical Orbits with Various Ra and Vs = 15 km/sec. 

Earth, Jupiter, Spacecraft Positions for typical 500 Day-Flight, 
LaunchFeb. 8, 1971. 

Figure 31 AV, Applied at Perijove, Necessary to Change Spacecraft 

Figure 32 

2. Descriptions of Figures 

Figures 1 through 3 illustrate the basic position date used in the 

calculations; the slight systematic e r rors  in A ,  the Earth and Jupiter longi- 

tudes shown in Figure 1, a r e  due to small e r r o r s  in obtaining perihelion 

times. These times wi l l  be adjusted in the near future, These e r r o r s  

(w 0.7 days for earth,  m5. 5 days for Jupiter)  a r e  too small  to affect the 

subsequent calculations significantly, especially since they a r e  in the same 

direction for both Earth and Jupiter. 

curves in time by a day or two. 

e r r o r  in the elliptical representation at  the orbits due to the various pertur- 

bations. 

are also too small to be of any significance; presumably these a r e  a com- 

bination of the perihelion time e r ro r s  and the deviations of the orbit f rom 

ellipticity due to  the various perturbations. 

At worst  they might shift the launch 

There wi l l  always be a small amount of 

The e r r o r s  shown in Figures 2 and 3 for Jupiter latitude and radius 

Figure 4 shows spacecraft weight vs. VsE for  Saturn C5, Saturn 

C1B and Atlas-Centaur. 

sequent figures and is based on the assumption of a 3rd stage with an ISP of 

440 sec and 10 per cent initial stage weight in structures etc. 

It is included to aid in the interpretation of the sub- 

I I T  R E S E A R C H  I N S T I T U T E  
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Figures 5 and 6 a r e  a distillation of Figures 7 through 20; they 

show (1) the minimum V required to be able to launch anytime in 30 day 

launch windows f r o m  1966 to 1977, fo r  various times of flight, and (2) the 

minimum V 

km/sec,where vs = spacecraft velocity after earth escape, vE = earth 

velocity, C3 = JPL twice the injection kinetic energy/unit mass  with units 

2 8 m /sec6 x 10 . Note that the actual minimum VSE in any launch window 

w i l l  be significantly smaller than the V 

30 day period. 

SE 

in each launch window. Note that vsE = vs - vE = d m 3 $  SE 

required for  launch anytime in a SE 

SE Figure 6 shows the expected decrease in minimum required V 

for increasing times of flight, and the differences between various launch 

windows. 

portance; note that for  the 1972-73-74 launch windows, if we require high 

enough VSE for a 30 day launch period, i t  actually requires considerably 

less  energy, VSE, to  perform a 500 day mission than to perform an 800 day 

mission. 

minimum V 

5, is 10. 3, a very significant increase inV of2. 5 km/sec due to launch 

window requirements. 

1973 flight window the angle, earth-sun-Jupiter at a r r iva l  is close to 180" 

at  near the optimum launch t ime; since the 180" flight requires a highly in- 

clined orbit i t  is a high energy mission (the spacecraft must "fly over the 

Sun"); the high energy spike shown in the figure narrows the width of the 

favorable launch t imes and pushes up the VSE for a launch anytime within 

30 days. 

Figure 5 is a more interesting curve and of greater practical im- 

In fact the minimum VSE shown on Figure 6 is 7. 8, while the 

for  launch anytime in a 30 day launch window, shown in Figure SE 

SE 
Figure 13 shows the reason for this: for the 800 day, 

The following explanation and examples should make this clearer.  

I I T  R E S E A R C H  I N S T I T U T E  
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Consider the minimum energy Hohmann t ransfer  f rom one body through an 

angle DU = 180" to  the second body, both bodies traveling in the same direction 

in the same plane in circular orbits. 

approximately circular, approximately co-planar orbits will have rninima 

for the longer (greater  than 600 day) flight t imes near the 180" condition; 

however it is a physical requirement that the earth-sun-Jupiter at a r r iva l  

points be in a single plane for non-thrusted trajectories. 

Jupiter a t  a r r iva l  angle is  nearly 180" in longitude but Jupiter is out of the 

ecliptic plane, a plane passing through the earth-sun-Jupiter a t  a r r iva l  

points will be highly inclined to  the ecliptic and the velocity required for this 

type of trajectory will be high. 

day flights near the optimum 1973 launch. 

In the r ea l  case of Earth-Jupiter the 

Thus if the earth- 

The following table i l lustrates this for 800 

i - VSE - DU - Date of Launch 

3 /19 /7 3 188. 5" 11. 1 km/sec 8. 6" 

3/24/73 184. 5" 13.9 km/sec 17. 5" 

3/29/73 178. 8" 42. 3 km/sec 75. 2" 

4/3/7 3 174. 8" 12. 5 km/sec 15. 2" 

4/8/7 3 170. 7" 9. 9 km/sec 8.0" 

DU is the angle earth at departure-sun-Jupiter a t  arr ival ,  VSE is the 

velocity increment required for  the flight, i is the inclination of the flight 

plane to the ecliptic plane. Jupiter at time of arr ival  of the spacecraft is 

about 1 degree below the ecliptic plane in all cases. 

Figures 7, 8, 9, and 10 show VSE for  200, 300, 400, 500 day 

flights every 5 days through the 1966 to 1977 launch windows. Figures 11, 

12, 1 3  and 14 show the same type of data for 600, 800, and 1000 day times 

I I T  R E S E A R C H  I N S T I T U T E  
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of flight. It is interesting to note that the problem of "launching over the 

I 

Sun" shows clearly in these figures, and i s  most severe as stated ear l ie r  

for the longer times of flight where the most favorable earth-sun-Jupiter a t  

a r r iva l  angles approach 180". 

Figures15 through 20 show the VSE required throughout the 1966 

to  1978 time periods for 200 through 1000 day ear th  to Jupiter flights. 

Figure 21 shows the ear th  to Jupiter (communications) distance 

a t  time of arr ival  of spacecraft a t  Jupiter for launches in the launch windows. 

It is interesting to  note that the communications distance and thus the com- 

munications problem from spacecraft to ear th  wi l l  be smallest  for 500 day 

flights. 

behind the Earth, as seen f rom the spacecraft, the 500 day flight communi- 

* 
However, due to the direct line of sight appearance of the Sun 

cations f rom Earth to  spacecraft will take place with the high solar  noise 

source prominent in the background. 

Figures 22 through 25 show the spacecraft velocity of approach 

to Jupiter, VsJ for various times of flight in the 1966 to 1977 launch window. 

Note that VsJ = Vs - VJ = Voo where v = spacecraft velocity a t  intersection S 

of i ts  trajectory with Jupiters trajectory, i. e. unperturbed by the Jovian 

gravitational field, and VJ = Jovian velocity in orbit a t  the same time. 

Figure 26 defines the geometry of the near Jupiter trajectory. 

The asymptotic miss distance is the distance of closest approach to the 

Jupiter ignoring the Jovian gravitational attraction on the spacecraft. 
P 

is the perijove distance, the closest approach of the spacecraft to Jupiter 

* The ear th-  Jupiter of spacecraft arr ival  distance is relatively constant 
fo r  any time of flight due to the cyclic nature of the launch window geom- 
e t r i e s ;  for 500 day times of flight the sun-earth-Jupiter positions a r e  
approximately on a straight line. 

R 
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considering the Jovian gravitational attraction; when the spacecraft is a t  

perijove a thrust  is applied to change i ts  orbit f rom hyperbolic to elliptical 

with respect to Jupiter. 

Figure 27 shows the perijove distance as a function of the asymp- 

Figure 28  then shows the AV totic miss distance for  various values of VsJ.  

which must be applied at perijove to  change the spacecraft 's hyperbolic 

trajectory with respect to Jupiter into a specific elliptical trajectory around 

Jupiter, namely one for which R is 3 Jupiter Radii, R the apojove distance 

is 100 Jupiter Radii and the period is 44 (earth) days. 

P a 

Figures 29 through 31 show the AV which must be applied at per i -  

jove to  put the spacecraft into various elliptical orbits around Jupiter, for 

vSJ is of 5, 10 and 15 km/sec respectively. 

Figure 32 shows the positions of earth-Jupiter and the spacecraft 

throughout a typical 500 day flight. 

I I T  R E S E A R C H  I N S T I T U T E  

- 11 - ASC /IIT RI 



I 

- 12- 

I 

n w 
b 
4 

u 
I4 
4 u 

2 

0 
a3 
m 
d 

I 

0 
9 
m 
d 

b 
4 n 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

7 

i < 

/ 

\ 

4 
> 

0 C fu 7 

0 C 
0 C 

I I 

( 'n 'v) xv 

-13- 



--i 

.. 

-- . . . ._ . . 

I I 

- 14- 

0 
0 
0 * * 
w 
N 

0 
0 
0 
vl * * 
N 

0 
0 
0 

* * 
N 

d 

0 
0 
0 
C P  
t-0 * 
N 

0 
0 
0 
r- 
vl * 
N 

b u 
4 



I 
I 
I 
I, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
-~ 

-15- 



I 
I 
I 
I 
I 
I 
I 
I 
E 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
4 d 

- 16- 



I 
I 
I 
I 
1 
I 
I 
I 
E 
I 
I 
I 
I 
I 
I 
I 

- 1 7 -  



I 
I 
I 
I 
I 
I 
I 
I 
D 
I 
I 
t 
I 
I 
I 
I 
I 
I 
I 

I. 

- 18- 



I 
I 
I 
1 
I 
I 
I 
t 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-7 
,/ 

7 
/ 

/ 

/ 
/ 

/ 

7- / 

/ 

// 

L 

f 

/ 
/ 2 / 

- 19- 

0 
d 

N 

-t 

0 0 0 0  
0 0 0 0  
N m * m  

.I 
I 

I -  

O 

d w 
b 

5 

0 
b 
5: 

4 w 
Cn 
b 

z 
h 

2 

8 W 

I4 cr * 
4 n 
0 
0 
In 

0" 
0 * 
0 
0 
(r, 

0" 

d 
0 cr 
w 
d 

a w 
d 

0 
N 

n 

5 

co 

GI 
cr 
.d 



i 
t 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
t 

, 

r' 

L 
/ 

/ /' 
0 

-20- 

0 0 0 0  
0 0 0 0  
N m v m  

c 

w 
P 



I 
I 
I 
I 
I 
I 
I 
t 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
! \ I 

+IT/* '\ 

200 Days 

300 Days 
400 Days 

500 Days 

-- 
--- 
--- 

- 

9/77 

Fig. 10 VSE REQUIRED FOR 200, 300, 400, 500 DAY FLIGHTS 

EARTH TO JUPITER LAUNCHES EVERY 5 DAYS IN 1976 

OR 1977 LAUNCH WINDOWS 

-21- 



I 
I 
I 
I 
I 
t 
I 
t 
I 
I 
I 
I 
t 
I 
I 
t 
I -22-  



I 
I 
I 
i 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

In 
N 

0 
N 

e-- -- - 
_- --- 
----A e- 

-> ,/' / 

b---- 

- 2 3 -  

~ ~ 

.. ... 

I r n m  

! 
i 

- i . . . . .- - .. . 
m 

3' z 
c o r n  
a -  

,). 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I -  
t 
I 
t 
t 
t 

--- 

_---- 
---vu- 

0 
N 

I I 

c- 

i 

I 

------_ 

-24- 

(II 
h 

ti 
0 
0 
9 

I 
I 

m ( I I  
h h  :: 
0 0  
0 0  
0 3 0  

4 



I 
I 
I 
I 
I 
I 
I 
I 
I 
t 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-- 600 Days 

800 Days 
1000 Days 

---- 

A 

u 
Q) < 
E 
A 
Y 

w ** 

6/29/76 8/10/76 9/24/76 8/20 /77 
Launch Date 

_ -  

9/77 

Fig. 14 VSE REQUIRED FOR 600, 800, 1000 DAY FLIGHTS, EARTH . 
TO JUPITER LAUNCHES EVERY 5 DAYS IN 1976 OR 

1977 LAUNCH WINDOWS 

-25 - 



I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

0 0 0 0  
0 0 0 0  
w r r ) v m  

l j f  
I l l  

0 
m 

c 

--: ---- 

/ 
0 

- 2 6 -  



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
t 
I 
I 
I 
I 

0 0 
In W 

-27-  

0 



In * s 
0 
0 
N 

0 0 0  
0 0 0  
m * a  

0 
a 

0 * 

7 

4: 0 0 
m N 

(.,as/ury) =s* 

. 

. 

* 
0 

0 
'b 



0 0 0  
0 0 0  
9 0 0 0  

d 

I t  
I I  

< 

\+- -.. - 
I 
I 

7 

0 
t- 
o. 
d 

0 
b 
9 
9 
o. 
d 

- 29- 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I I 

I 
I 
I 
I 
I 
1 
I 
L 

m m m  
h X h  
(d ( d d  

0 0 0  
0 0 0  

n t l t l  

9 “ 3  

I I  
I I  

-30- 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

m 
x : 
0 
0 
0 - 

0 0 
N m 

0 
0 
2 
d 

d 

pz 
0 
6( 

0 m 

0 
9 

i3 
5 
i3 

>“I 

pz 
w 

0 
N 

J 
iz 



- 3 2 -  



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

---f 
/ t 

-7 
/ 
7- I 

// 
7- L 
0 I n '  0 0 * m 

-7-7-7- / 

/i I 1 
I 
I 

I 

I p (! 
\ 

I 
I 

o\ 
-4 

9 

d 
1 
I 
I 

a3 
9 

/ 0 
N 

d 1 d 

I 
I 

a3 
9 

9 

0 
d 

P 
9 

4 
d 
\ 
N 
d 

P 
9 

P 
.N 

0 

I 

/ \  c 

d 7 
. 

\ 

I P 
9 

N 

\ 
d 

- 3 3 -  



I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 

I 

f L 

i 
7 L 

7- 
i C 

I-- 

0 0 0  
0 0 0  a 0 0 0  

4 

0 0 0 0  
0 0 0 0  
N m * m  

-7- 

i ,  

7- f 

i 
f 

-7-T 
lq 
i ).i 

i I I 1  I 

E I 

I E I 

J- 
I 

- 34- 
L 



+!- 

0 0 
4 

0' 
0 
In 

0 
0 * 
d 
0 
cr) 

0 
0 
N 

d 
0 
61 
d w 
E 

5 

0 
E 
z u < 
0 
d 
c4 
PI 
-4 
61 
0 * 
E 

0 
4 w > 
E 

z 
b 

tj 

: u w u c 
pc 
Cn 

* 
N 

bb 
tz 

Cn 
3 
0 
Q 
5: 
5 .  
5: u z 
5 
c 
I4 

-35- 



50 

40 

30 
A 

U 

c, 

P 20 

10 

0 

\ 
\ 

-- 200 Days 
300 Days 
400 Days 
500 Days 

------- 600 Days 
- 800 Days 

1000 Days 

--- 
---- 
---- 

--e- 

'2617687' 

A 
\ 

-- - p--. 
----c- I 

3/76 9/24/76 8/24/77 10/1 /7 7 
Date of Launch 

Fig. 25 VsJ, SPACECRAFT VELOCITY O F  APPROACH TO JUPITER 

FOR 200, 300, 400, 500, 600, 800, 1000 DAY TIMES OF 
FLIGHT, LAUNCHING IN 1976 AND 1977 LAUNCH 

WINDOWS 

-36- 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

I 

I 

(II al 

0) > 
0 
0 a 

-t d  

-7 

-37- 

Ir 
0 

.. 
2 
0 

d 
4 
!2 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
t 
I 
I 
I 
I -38-  

t 

C 

c, ** 

2 

Cn 
0 

c > 
d 
0 crr 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

In . 

m 



I 
1 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

I 
I 

t 
I 
I 

I 

I 

I 

, 
I 
I 

-- 

I 

-40 - 



I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

0 
6 

-41 - 



// I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
i 
I 

--T 

4 
II 

5 

-42 - 



i 

I 

Fig. 32 EARTH, JUPITER, SPACECRAFT POSITIONS FOR TYPICAL 

500 DAY FLIGHT, LAUNCH FEB.  8, 1971 
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